Objective: To estimate the smoking attributable medical expenditures and productivity loss of people aged 35 and over in Taiwan in 2001 from a societal viewpoint. Methods: A prevalence based approach was used to estimate smoking attributable costs. Epidemiological parameters were obtained from two follow up studies and government statistics. Data on medical care utilisation and expenditure were extracted from the National Health Insurance claim data. Results: Total smoking attributable medical expenditures (SAEs) amounted to US$397.6 million, which accounted for 6.8% of the total medical expenditures for people aged 35 and over. Mean annual medical expenditures per smoker was US$70 more than that of each non-smoker. Smoking attributable years of potential life lost (YPLL) totalled to 217 761 years for males and 15 462 years for females, and the corresponding productivity loss was US$1371 million for males and US$18.7 million for females. Conclusion: Medical expenditures attributable to smoking accounted for 6.8% of the total medical expenditure of people aged 35 and over for the year 2001 in Taiwan. Corresponding YPLL and productivity loss also demand that actions be taken to fight cigarette smoking.
S moking is considered to be an important cause of premature mortality and disability. The World Health Organization estimated that annually smoking caused about four million deaths worldwide. 1 The US Centers for Disease Control and Prevention also reported that annually smoking caused approximately 444 000 premature deaths and cost $157 billion in health related economic losses in the USA between 1995 and 1999. 2 Although numerous studies already reported the association between tobacco and disease and huge attributable expenditures, the association gained more attention due to recent tobacco settlements in the USA. To date, economic value of tobacco is still being debated between public health advocators and the tobacco industry. 3 4 In Taiwan, health authorities have made controlling and preventing the adverse effects of smoking an important priority and enacted the Tobacco Hazards Control Act in 1997. During the policy formulation process, the authors conducted several studies to estimate smoking attributable expenditures (SAEs) in an attempt to provide evidence of the adverse effects of cigarette smoking. However, due to limited local data, certain parameters in our previous estimations were forced to use values reported in studies from other countries.
Fortunately, many of those data are now available after the implementation of the National Health Insurance (NHI) in 1995. Being a compulsory social insurance, more than 97% of the population were covered under this programme. The Bureau of NHI has released selected claims data for academic use since 2001. Therefore, types of services used and the medical expenditures can be determined from the datasets. In addition, epidemiological data were available by merging two cohort datasets-one was provided by Liaw et al (a community cohort) 5 and the other by Wen et al (a civil servant and teacher cohort). 6 7 A total of 86 580 persons were included in the final dataset. The mortality risks of current smokers compared to non-smokers were calculated based on Cox's proportional hazards model adjusted by age. Detailed descriptions of these studies and the relative risks (RR) were reported elsewhere. 7 Based on the information gathered from the above mentioned sources, we can estimate the SAEs more precisely. The purpose of this study, therefore, was to estimate the SAEs in Taiwan in 2001 from a societal viewpoint. The results of this study could serve as a reference for health authorities when formulating tobacco control policies, and be used in health education programmes for the public.
METHODS
We used the prevalence based approach to estimate the burden of smoking on the society in 2001. Human capital approach was adopted as the theoretical basis to estimate cost of productivity caused by premature death. The method suggested by Rice et al 8 was used to estimate excess costs due to smoking in a year based on epidemiological findings.
Regarding the definition of smoking status, we followed the definitions used by Wen et al 7 that current smokers were those who were still smoking at the time of recruitment into the cohort study; non-smokers were those who never smoked; and ex-smokers were those who had quit smoking at least six months before the study.
In terms of parameters needed to estimate SAEs, we first estimated RRs of developing smoking related diseases between current smokers and non-smokers, followed by estimating the amount of medical care used and expenditures associated with each smoking related disease. The followings are detailed descriptions of how the parameters and costs were estimated in this study.
Estimating smoking attributable fraction (SAF)
We used smoking attributable fraction (also known as population attributable risk) to estimate the quantity of medical care attributable to smoking. This concept was first defined by Levin as the ''maximum proportion of lung cancer attributable to cigarette smoking''. 9 Subsequently, the concept was renamed as smoking attributable fraction (SAF) and used by Rice et al 8 and Shultz et al. 10 Below is the formula used to calculate SAF in this study:
where P 0 is prevalence rate of non-smoking; P 1 is prevalence rate of current smoking; P 2 is prevalence rate of ex-smoking; RR 1 is relative mortality rate for current smokers compared to non-smokers; RR 2 is relative mortality rate for ex-smokers compared to non-smokers; y is age, categorised into three groups, 35-49, 50-64, and > 65 years; and s is sex. Prevalence rates of current smoking, ex-smoking, and nonsmoking were obtained from the National Health Interview Survey of Taiwan in 2001. 11 Prevalence rates of current smoking for males aged 35-49 was 57.4%, 49.3 % for those aged 50-64, and 43.7% for those aged 65 and over. For females, those rates were 4.2%, 3.8 %, and 2.7% for the corresponding age groups. Prevalence rates of ex-smoking for males aged 35-49 was 6.2%, 9.0% for those aged 50-64, and 20.3% for those aged 65 and over. For females, those rates were 0.4%, 0.6 %, and 1.2%, respectively.
The RRs of current smokers compared to non-smokers for each disease by sex and age groups came from the combined cohort mentioned earlier. [5] [6] [7] Only those diseases with RR . 1 (and p , 0.05) for current smokers compared to nonsmokers were included in the study. These diseases were then grouped into 19 categories (table 1) . In this study, because RRs of ex-smokers compared to non-smokers were not significant, the RRs of ex-smokers were set to 1 and the SAF of ex-smokers became zero.
Estimating the smoking attributable medical expenditures (SAEs)
The SAEs should include all the medical expenditures incurred due to smoking. However, this study included only outpatient and inpatient expenditures paid by the NHI. This is because the data released by the Bureau of NHI does not include the expenditures not covered by the insurance (for example, certain preventive services, and out-of-plan services).
To estimate the quantity and prices of medical care incurred, we used the International classification of diseases, 9 th revision (ICD-9) codes of the 19 categories of diseases as the key variable to link NHI claim data. In terms of estimating morbidity costs, it would be ideal to use relative morbidity rate of smokers compare to non-smokers. However, since we did not have this data, we used relative mortality rate of each disease as the proxy. SAEs were calculated by the following formula:
where P(MD) is the average expenditure per outpatient visit; Q(MD) is the number of outpatient visits; P(H) is the average expenditure per admission; Q(H) is the number of admissions; i is the type of disease; y is categorised into three age groups, 35-49, 50-64, and > 65 years; and s is sex.
Estimating mean annual expenditure of current smokers and non-smokers Because we did not have smokers or non-smokers' individual aggregated medical expenditures, we made some assumptions when estimating the mean medical expenditures for current smokers and non-smokers. The first assumption was that the basic needs for medical care are the same for current smokers and non-smokers. Thus, the total medical expenditure for current smokers will be the sum of SAE and the basic medical expenditures. The second assumption was that among all the risk factors affecting the use of medical services, smoking condition did not have significant interaction with other risk factors. Therefore, by subtracting SAE from the total medical expenditure, the remaining medical expenditure represents the ''basic'' expenditures for all the insured people regardless of their smoking condition. We can then determine the amount of this ''basic'' expenditure for current smokers simply by multiplying the total ''basic'' expenditure by the prevalence rate of current smoking. Thus mean medical expenditures for each current smoker and non-smoker can be estimated by the following formulae:
Mean medical expenditures of current smokers = [SAEs + (BasicExp
where SAEs is smoking attributable expenditures; BasicExp is total medical expenditure of the population SAEs; P 1 is prevalence rate of current smoking; and N is the number of total population.
Mean medical expenditures of non-smokers = (
where BasicExp is the total medical expenditure of the population SAEs; P 0 is prevalence rate of non-smoking; and N is the number of total population.
Estimating smoking attributable deaths, smoking attributable years of potential life lost (YPLL), and smoking attributable cost of premature death Smoking attributable deaths were calculated through multiplying estimates of smoking attributable proportion of deaths by total mortality for adults aged 35 and over. However, deaths attributable to fire and exposure to second hand smoke that were accounted in SAMMEC II (smoking attributable mortality, morbidity, and economic costs software, release II) were not included in our study.
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Smoking attributable years of potential life lost (YPLL) were estimated according to age and sex specific life expectancy. Future earnings by sex and five year age groups was calculated based on 2001's official statistics related to labour force participation rates, unemployment rates, and the average annual income of those who were employed. Since the growth rates of both the average annual income and gross domestic product (GDP) from 1991 to 2000 happened to be the same at 6%, we used it as the annual increasing rate when estimating future earnings. When discounting future earnings, we used 3% as the discounting rate as suggested by Max et al.
Smoking attributable deaths (SAD), smoking attributable YPLL (SAYPLL), and smoking-attributable cost of premature deaths (SAPDC) by sex, age group, and disease were estimated according to the following formulae:
where i is type of diseases; y is categorised into three age groups, 35-49, 50-64, and > 65; g is categorised into seven age groups, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64 and > 65; s is sex; Q(D) is number of deaths; LE gs is life expectancy, if died at age group g; and PVFE gs is present value of future earnings, if died at age group g, using a 3% discount rate and a 6% annual income growth rate. Cost Table 1 shows the SAFs of smoking related diseases by sex and age groups. The disease SAFs for males, regardless of age group, were all over 50% in neoplasm of the oesophagus, chronic bronchitis, and peptic ulcer and gastrointestinal (GI) haemorrhage. On the contrary most SAFs for females were lower than 20%, except for neoplasm of the oesophagus, rheumatic heart disease, asthma, and peptic ulcer and GI haemorrhage. This is because the SAFs were determined by prevalence rate of smoking and RR of each disease. The relatively lower prevalence rate of smoking in females resulted in lower SAFs. Table 2 shows the SAEs of each disease by sex and age group. Totally, the SAE of smokers was US$397.6 million, which accounted for 6.8% of the total medical expenditures of the NHI. The expenditure for kidney disease cost the most, which amounted to US$84.6 million, followed by peptic ulcer and GI haemorrhage (US$51.7 million), rheumatic heart disease (US$51.2 million), accidents (US$38.3 million), cerebrovascular disease (US$28.5 million), neoplasm of the lip, oral cavity and pharynx (US$19.5 million), and liver cirrhosis (US$18.5 million). When aggregating those seven types of neoplasm into one group, the SAE of neoplasm amounted to US$64.4 million, accounting for the second largest part of all SAEs.
RESULTS
In terms of the percentages of SAEs in the total amount of medical expenditures paid by the NHI, it was 11.9% for males and 1.3% for females. Among males, the percentage of SAEs for persons aged 50-64 was the highest. As for females, persons aged > 65 had the highest percentage. Table 3 shows the total SAEs of both outpatient and inpatient expenditures by disease. Outpatient expenditures were slightly higher than inpatient expenditures (US$228.3 million v $169.4 million). The percentage of SAEs in the total outpatient expenditure was slightly lower than that of the inpatient expenditure (6.2% v 7.8%). Most of the smoking attributable outpatient expenditures were spent on kidney diseases, especially on haemodialysis. On the other hand, ischaemic heart disease accounted for the highest amount for inpatient services. Table 4 shows mean annual medical expenditure for current smokers and non-smokers. The mean annual medical expenditures for males were higher for current smokers than that of non-smokers across all age groups. Male current smokers aged 65 years and over had the highest expenditures. For current smokers in this group, outpatient expenditure was US$908 per person per year and inpatient expenditures was US$809, yielding a total expenditure of US$1717 per year. The corresponding amount for nonsmokers was US$1278. Thus, on the average a current *Total, premature cost of all diseases for aged 35 and over, by sex and age group using 3% discount rate.
smoker aged 65 years or over spent US$439 ($1717 v $1278) more than a non-smoker in the same age group. Similarly, females in the same age group had the highest mean annual medical expenditures. A current smoker in this group spent US$1852 a year while a non-smoker spent US$1254. Thus, on the average, a female smoker aged 65 or over spent US$598 more ($1852 v $1254) than a non-smoker in the same age group. Table 5 shows smoking attributable years of potential life lost (SAYPLL). It was 217 761 for males and 15 462 for females, and accounted for 18% of males' YPLL and 12% of females' YPLL due to all causes of death in 2001. All SAYPLL due to seven types of neoplasm amounted to 80 441 for males and 9965 for females, and accounted for 37% and 64% of total SAYPLL for males and females, respectively. Both for males and females, the SAYPLL due to liver cirrhosis and neoplasm of the trachea, lung, and bronchus were the two highest. Because of the high mortality rate in the oldest age group, it is reasonable to see that this age group had the highest SAYPLL. However, we need to pay more attention to the prevention of deaths from smoking related diseases for males in the younger age group of 35-49 years, because their SAYPLL ranked the second. When examined closely, we found that about 60% of the SAYPLL in this subgroup was due to three types of diseases, namely liver cirrhosis, accident, and neoplasm of the lip, oral cavity and pharynx. Table 6 shows the smoking attributable cost of premature death. The total amount of smoking attributable cost of premature death was US$1371 million for males and US$18.8 million for females. For both males and females, age group 35-49 ranked the highest, followed by aged 50-64, and aged > 65 ranked the last. Because of higher SAYPLL and higher labour force participation rates, it is not surprising that the younger male group accounted for much of the cost. Although we neglected the income from the underground economy and opportunity cost of housekeeping would underestimate the cost of premature death for females, it is not a major problem in this study because most of the SAFs for females are zero or trivial. Table 7 summarises the results of this study. The total smoking attributable cost was US$1.79 billion in 2001 in Taiwan. In terms of type of cost, smoking attributable cost of premature death accounted for a very large proportion. As for sex, males accounted for the most part of the cost due to a much higher rate of smoking. With respect to age groups, younger group had lower medical expenditures, but higher cost of premature death.
DISCUSSION
Compared to our earlier estimations on SAEs in Taiwan, this study represents a major improvement in two ways. First, the RR of current smokers versus non-smokers was provided by a large combined cohort study that provided comprehensive smoking exposure and mortality data. Second, the amount of medical care utilised by each type of disease and their corresponding expenditures came from the NHI claim files. These claims represented the utilisation of about 97% of the total population. Therefore the current estimation of SAEs was more precise.
In terms of approaches used to estimate the cost of smoking, Warner et al 13 suggests that there are two major types in recent years. One is based on epidemiological findings, using attributable risks as the link between smoking attributable diseases and smoking attributable impacts, such as deaths and medical expenditures. Another approach is to directly collect smokers' and non-smokers' mortality and medical utilisation data. This study adopted the former approach due to limited data and time.
However, both of these approaches have been used in studies in Asia. For example, in Japan, Izumi et al 14 used a large population based cohort to collect smoking habit and medical utilisation data. They found that smokers consumed excess medical care. Our study had similar findings.
In South Korea, Kang et al 15 used both approaches in estimating the economic burden of smoking in South Korea. They found that current smokers spent a lot less direct medical costs than non-smokers according to the all causes approach. In our study, however, we found that current smokers had higher medical costs then non-smokers.
This study also adopted the suggestions made by Kang et al 15 that the cumulated effects of smoking on mortality may not appear in people under 35 years old. Thus we did not estimate the SAEs of people under 35.
With respect to the results in our study, kidney diseases accounted for 29% of outpatient expenditures for all diseases in males. Since 80% of renal dialyses were done in institution based haemodialysis centres in Taiwan, it will affect the productivity and quality of life of the patients. Thus, kidney disease should be the main concern when discussing the cost of smoking.
In terms of the percentage of SAEs in total medical expenditure, it was 6.8% in our study, which was similar to the USA. 2 However, Warner et al 13 suggested that 6-8% would be an underestimation of the true total medical costs of smoking in the USA. In addition, Zhang et al 16 reported that the SAEs of Medicare beneficiaries accounted for 11.4% of hospital care and 5.6% of ambulatory care in Medicare expenditures. In our study, for the corresponding older age group, smoking accounted for 7.3% of inpatient expenditures and 5.8% of outpatient expenditures. The percentages for ambulatory care were quite similar, but the percentage for hospital care was 4% lower in our study than in the USA. The difference might be due to higher unit price of hospital care in the USA.
Most smoking attributable YPLL were related to lung cancer, ischaemic heart disease, and chronic airway obstruction in the USA during 1995-1999. 2 In our study, the smoking attributable YPLL for lung cancer and ischaemic heart disease were also high, but the highest diseases were liver cirrhosis and neoplasm of the trachea, lung, and bronchus. Therefore, we should pay more attention to diseases of the liver when discussing the adverse effects of smoking.
We also noticed that some diseases showed much higher RRs of mortality rate in Lam's 17 18 study than those in our study. These diseases included lung cancer, oesophageal cancer, and chronic obstructive pulmonary disease for males. It may be because Lam used the RRs of patients who had smoked at any point in their lives compared with those who never smoked, while we compared current smokers with those who never smoked.
Finally, there were two limitations in this study. First, due to limited data, we were unable to estimate expenditures caused by passive smoking or expenditures not covered by the NHI, making it possible that the SAEs were underestimated.
Second, the RR of mortality was used to estimate the RR of morbidity for each disease. By doing so, we might underestimate some of the expenditures for patients in the more severe stages of disease or in patients with long term nonfatal sickness, such as the common cold. On the other hand, for fatal diseases, we might overestimate current smokers' SAEs. We used a simple formula to illustrate the relationship between RR of mortality and RR of morbidity.
Let D, I, and E denote death, incidence and exposure of a fatal disease.
RR of mortality = When = 0, = 0, and = RR of morbidity.
We get the result that RR of mortality = *RR of morbidity.
In this case, the value of will determine whether using RR of mortality as the proxy of RR of morbidity was biased. Because patients with smoking habit are considered to have poor recovery, 13 the ratio seems to be greater than 1.
However, the absolute value of the ratio will be hard to estimate. In addition, the existence of co-morbidity would complicate this question. Future study may consider to break down the natural history of disease to estimate the difference of transient rate in each state between smokers and non-smokers. Due to the limitations mentioned above, caution should be taken when using the results of this study.
What this paper adds
Taiwanese smokers incur excess medical expenditure, amounting to 6.8% for those aged 35 and over. As National Health Insurance is paid for by the general public, non-smokers in Taiwan share that excess medical expenditure. Each smoker spent an extra US$70 per year on medical care. Each year Taiwan lost an equivalent of US$1.4 billion in earning power of smokers, amounting to 0.5% of gross domestic product.
